Several modifications of methods for measuring serum alkaline phosphatase (AP; orthophosphoric monoester phosphohydrolase, EC 3.1.3.1) have been adapted for use with the "AutoAnalyzer"
(1,2). Most of these methods require special measures, such as sample dialysis, to eliminate interference from serum chromogens. Recently, Roy (3) described a manual method in which the substrate, sodium thymolphthalein monophosphate (NaTMP) was used. The absorbance range of the chromogenic product, sodium thymolphthalein, is essentially free of interference from either bilirubin or hemoglobin.
We have automated Roy's NaTMP method so that it may be used with the AutoAnalyzer. In our procedure a simple manifold design and stable reagents are used, and there is no need for dialysis of the sample stream.
Materials and Methods

Equipment
The following AutoAnalyzer modules (Technicon Instruments Corp., Tarrytown, N.Y. 10591) were used: Sampler 11(40/h 1:1 sampler cam), Pump I, 37#{176}C heating bath with a 3.0-rn incubation coil (2.4 mm i.d.), appropriate mixing coils, colorimeter with an 8-mm flowcell, 600-nm filters, and recorder.
Spectrophotometric analyses for the manual assays were done with an "Acta Ill" spectrophotometer (Beckman Instruments, Inc., Fullerton, Calif. 92634).
Reagents
Sodium thymolphthalein monophosphate:
We prepared mm at 37#{176}C to completely hydrolyze 1.0 ml of the 25 mg/ 100 ml solution of NaTMP.
Enzyme reference materials:
A reference material of low AP activity was prepared from pooled normal human serum. The sample was divided into aliquots,lyophilized, and stored at 5#{176}C. A high AP activityreference material, prepared by pooling specimens of sera from patients with high serum AP activity, was processed in the same way.
Before assay, the lyophilizedsamples were reconstituted with water and allowed to set at 25#{176}C for 24 h, to permit complete solution and activation of the enzyme (5). The samples were then assayed by the manual method (3). The activity of 20 duplicate samples of the low-activity reference material was 14.3 ± 0.5 (SD) U/liter; that of 16 duplicate samples of high-activity material was 174 ± 3.8 (SD) U/liter. Activity of the lyophilized reference samples was stable for several months when they were stored at 5#{176}C. A calibration curve was prepared for the AutoAnalyzer by diluting the high-activity reference material with variousproportions of the low-activity reference material. 
Reagents (manual assay
Reagents (automated assay): The reagents were identicalto those used in the manual assay.
Procedure Figure   1 shows the manifold design. The numbered fittings are standard AutoAnalyzer parts. Substrate (2.9 mmol of NaTMP per liter) and alkali color developer reagent are pumped through the manifold.
When the substrate stream reaches the colorimeter, the baseline is set at 98% transmittance.
Standards
and unknowns are aspirated at a rate of 40 samples per hour. About 0.2 ml of sample is required for analysis. The specimens and substrate are mixed and incubated at 37#{176}C while the stream passes through a 3.0-rn incubation coil. The reaction is stopped and blue color generated when the alkaline color developer reagent is added. The transmittance of the solution passing through the 8-mm flowcell cuvet is measured at 600-nm and recorded. The alkaline phosphatase value of an unknown sample is determined by comparing the transmittance obtained to a calibration curve prepared with the enzyme reference material. Delay time from sampling to colorimeter is about 6.5 mm.
Results
Effect of substrate concentration:
The effect of various concentrations of NaTMP on AP activity as determined on the AutoAnalyzer with the enzyme reference material is presented in Figure 2 . Each substrate concentration throughout the range examined (0.42-5.04 mmol per liter) produced linear activitycurves up to 175 U/liter.Although optimum activity was observed at a substrate concentration of 2.9 mmol of NaTMP per liter we chose a substrate concentration of 1.68 mmol/liter for the automated method in order to ensure the presence of excess 4. Proksch,G. J.,Preparationof sodium thymolphthaleinmonophosphate, an economical substrate for measurement of alkaline and acidphosphataseactivities. Clin. Chem. 18, 93 (1972 
Interaction between samples:
Interaction from a high (177 U/liter) to a low (23 U/liter) sample resulted in an apparent increase of 4 U/liter of activityin the low specimen, an interaction of 2.3%.
Interference:
As shown in Figure 4 , we saw no interference from bilirubin in concentrations as high as 15 mg/ 100 ml. Hemolysis caused a linear increase of 2.0 U/0.1 g of hemoglobin per 100 ml up to a concentration of 0.5 g of hemoglobin per 100 ml.
Precision:
The within-batch precision of the automated method was measured for three lots of pooled serum having different alkaline phosphatase activities. Twenty samples of each lot were analyzed consecutively; the respective means, standard deviations, and relative standard deviations were 157.1 ± 6.0 U/liter, 3.8%; 38.8 ± 2.5 U/liter, 6.5%; and 25.6 ± 0.5 U/liter, 2.0%. Day-to-day precision was determined by measuring the AP activity of separate aliquots of the three different serum pools 10 times each on each of 10 days. The samples were stored as frozen aliquots. The materials were allowed to thaw and stand at room temperature for 24 h before analysis. The respective means, standard deviations, and relative standard deviations were 154.5 ± 15.3 U/liter,9.9%; 38.5 ± 2.2 U/liter,5.7%; and 24.1 ± 1.8 U/ liter, 7.5%.
Comparison of the AutoAnalyzer
and manual methods: One hundred twenty sera were analyzed by both the AutoAnalyzer and manual methods. The overall range of values was 9 to 270 U/liter. The mean and standard deviation were 62.85 ± 41.2 U/liter for the AutoAnalyzer assay, and 62.55 ± 38.4 U/liter for the manual method. A comparison of the results of the automated and manual method provided a correlation coefficient of 0.988. A paired t-testrevealed no statistical significanceof difference between the two means (t = 0.48; critical t = 1.980, 95% confidence levels). An unbiased sampling of 30 of the 120 sera is illustratedin Figure 5 . The regressionline had a slope of 0.945.
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